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Abstract 
The purpose of this paper is to propose two types of wall shear stress sensor based on MEMS-technology. 
7KHZDOOVKHDUVWUHVVVHQVRU¶VRSHUDWLRQLVEDVHGXSRQWKHSULQFLSOHRIKRWZLUHDQHPRPHWU\7KHVHQVLQJ
element is made of polysilicon or platinium resistors. The latter has to be thermally isolated from the 
substrate by a sealed or open cavity to minimize the heat exchange with the substrate. Fabrication of the 
shear stress sensor requiring only three masks levels where the hot wire (in polycrystalline silicon or 
platinium). The static calibration in low speed air flow facility shows that the sensor behaves like a wall 
shear stress sensor. In situ calibration in wind tunnel is performed by wireless technologies. 
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1. Introduction 
Wall shear stress is an important fundamental parameter in characterizing and understanding flow near a 
wall. Detailed information on the flow in the vicinity of the wall is of particular interest for various types 
of flow and heat transfer predictions and of basic importance for turbulence modeling.  The wall shear 
stress can be determined directly using floating element method [1-4]. Compared with conventional 
thermal shear-stress sensors that are typically made by depositing thin metal film (mostly platinum or 
polysilicon) resistors on  substrates, MEMS sensors offer higher spatial resolution, faster dynamic 
response, and smaller power consumption. In this paper ZHSUHVHQWHGZDOOVKHDUVWUHVVVHQVRU¶VRSHUDWLRQ
is based upon the principle of hot wire anemometry. The sensing element is made of polysilicon or 
platinum resistors. We have successfully designed, fabricated and characterized a micromachined hotwire 
anemometer for wall shear-stress measurements. The dimensions of the wire are 50x2x0.5μm3 to the 
silicon and 50x2x0.1μm3 to the platinium are small enough to achieve the required spatial resolution for 
the described application. In order to calibrate in situ the wall shear stress sensor we have developed a 
low-cost wireless instrument providing the ability of record storage in digital format  the continuous 
measurements for monitoring and recording  the data via wireless system have been proposed.  
 
2. Realization of a simple shear stress sensor 
 
We have realized a simple shear stress sensor requiring only three mask levels where the hot wire (in 
polycrystalline silicon and platinium) is thermally isolated from the substrate by an air cavity .The first 
step for the realization of the sensors is the Plasma Enhanced Chemical Vapour Deposition (PECVD) of 
VLOLFRQQLWULGHRQ¶¶ZDIHUVWRDWKLFNQHVVRIPP [5]. Then the nitride was patterned, and wet thermal 
oxidation of silicon made through the nitride window see figure 1. Oxidation time was adjusted to achieve 
flat surface. Polycrystalline silicon was deposited (LPCVD thickness 1 mm) and doped by boron ion 
implantation. After the thermal annealing, polycrystalline silicon was patterned into a 50 x 2 μm2 wire. 
Electrical contacts were finally taken with aluminium. Releasing of the wire was performed by wet-
etching of the silica cavity after dicing the sensors. The same mask is adopted to fabricate the platinum 
shear stress sensor. The first step is to pattern the nitride window. A 40 nm layer of Ti/W is used as an 
adhesion layer for 150 nm of platinum. After lift-off with acetone, 200 nm electrical contacts were finally 
taken with chromium.  After the thermal annealing of chromium  (25mn-450°C). 
 
 
1. Silicon nitride 
2. Silicon subtract 
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4. Cavity 
5. Chromium 
Fig.1. Cross view of Shear stress sensor 
 
 
3. Characterization of MEMS sensors 
The sensors were firstly characterized under 2 points prober, in order to determine their behaviour with 
temperature and to estimate the polarization current needed. Two types of measurements were done for 
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each type of sensors: the resistance measurement in function of the temperature for determining the TCR 
(Temperature Coefficient Resistance). Thermal electrical measurements give a TCR of 0.145%/°C. The 
the platinium shear stress sensor  TCR is around 0.29%/°K .  
 
4. The Data Acquisition System 
The Data Acquisition System is composed of two main subsystems: the programmable digital data 
acquisition system and transducers with their associated circuits [6]. The requirement of data acquisition 
system dictated the use of the microcontroller (Fig. 2) and wireless transmission.  
 
 
 
 
 
 
 
                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Block diagram of the data-acquisition system. 
 
 
 
5. In-situ static speed calibration 
 
We have conducted the wind-tunnel experiments with two prototype MEMS shear-stress sensors 
fabricated using the processes described above (Fig.3). Experimentally, the hot wire anemometer is 
mounted at the wall surface of the wind tunnel. A Pitot tube measures the pressure in the centre of the 
tunnel. This pressure is then transformed in order to know the macroscopic speed [7]. This calibration 
was performed for velocity ranging from 0.001 to 0.7( m/s)2/3. The calibration result is shown in the 
Figure.4. It can be seen that the sensitivity of the sensor with a platinium is magnitude and sensitivity 
higher than that polysilicon wire. 
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Fig.3. Schematic diagram of the shear stress sensor mounting with data acquisition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Static speed calibration in wind tunnel: E2 in function of (uW) 2/3. 
6. Conclusion 
Advances in MEMS techniques now make possible the fabrication of sophisticated sensors for a diverse 
range of applications. Direct, in situ static calibration of a shear-stress sensor has been achieved. An 
extensive static characterization of an uncompensated, platinum-film, vacuum-cavity micromachined 
thermal shear stress sensor has been performed. We have characterized a wall shear stress sensor with 
Temperature Coefficient Resistance measurement; a wind tunnel calibration with wireless transmission is 
realised. The ultimate goal is to extend this broadband technique to a variable-mean duct flow for the 
calibration of thermal shear-stress sensors. 
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